T hirty-day rehospitalizations affect 1 in 5 hospitalized Medicare patients, cost more than $17 billion annually, and result in hospital-based Medicare payment penalties for congestive heart failure, pneumonia, and acute myocardial infarction rehospitalizations (1) . Most persons believe that all hospitals can prevent at least some rehospitalizations by using a spectrum of programs to better support vulnerable patients during the high-risk period after hospital discharge (1) (2) (3) . However, the targeting of these programs has proven challenging, potentially because important factors contributing to rehospitalizations, such as socioeconomic disadvantage, are not well-measured (4, 5) .
Socioeconomic disadvantage is a complex theoretical concept, which describes the state of being challenged by low income, limited education, and substandard living conditions for both the person and his or her neighborhood or social network (6, 7) . Detailed assessment of an individual patient's socioeconomic status is a timeconsuming and potentially uncomfortable task to add to a clinical encounter, and because such information is rarely available in the patient's medical record, clinical teams often overlook socioeconomic factors when creating individualized care plans after hospital discharge (8) . Measures of neighborhood socioeconomic disadvantage, such as concentration of poverty in the neighborhood surrounding the patient's residence, could be more easily accessed and assigned as a risk factor at the point of patient admission by using the patient's address. However, the association between neighborhood disadvantage and rehospitalization risk has not yet been established.
It is plausible that neighborhood socioeconomic disadvantage would influence rehospitalization risk because vulnerable patients depend on neighborhood supports for stability generally (9 -12) , and these needs are likely to be increased in the period after hospital discharge (3) . Safetynet hospitals in the United States, which serve socioeconomically disadvantaged areas, are more apt to be financially penalized for their rehospitalization rates (13) (14) (15) (16) . Living in a socioeconomically disadvantaged neighborhood has been associated with health behaviors (17) ; access to food (18, 19) and safety (20) ; and outcomes, such as mortality (10, (12) (13) (14) (15) (16) (17) , birthweight (21) , and rehospitalization risk for heart failure (22) . In addition, important health indicators improve with moving persons to areas of less concentrated poverty (23, 24) .
In 2003, Singh created a composite measure of neighborhood socioeconomic disadvantage for the United States, the area deprivation index (ADI), on the basis of similar measures used in many other countries for resource planning and health policy development (25) (26) (27) (28) (29) . The ADI is a factor-based index that uses 17 U.S. census poverty, education, housing, and employment indicators to characterize census-based regions (25, (27) (28) (29) . It has been correlated with many health outcomes, including all-cause, cardiovascular, cancer, and childhood mortality and cervical cancer prevalence (25, (27) (28) (29) (30) (31) (32) . Socioeconomic disadvantage based on neighborhood risk through a ZIP codelinked ADI does not require a potentially lengthy and intrusive discussion with patients and families and could easily be made available to clinical teams and policymakers.
Our objective was to determine whether neighborhood socioeconomic disadvantage could be useful to clinical planning by examining its relevance in a population likely to be targeted by clinical improvement activities designed to reduce readmission risk. We analyzed the association between ADI (defined at the census block group level) and 30-day rehospitalizations for patients discharged with congestive heart failure, pneumonia, or acute myocardial infarction, the clinical conditions used for the current calculation of Medicare's rehospitalization penalties.
METHODS

Data Sources and Study Population
We used data from 2004 to 2009 from the Chronic Condition Data Warehouse (33) , including Medicare claims and enrollment files prelinked to annual Medicare provider of service files for a 5% random national sample of Medicare beneficiaries. Beneficiaries who received railroad retirement benefits or were in an HMO were excluded because these groups have incomplete data. We identified 307 827 patients who were older than 65 years hospitalized with congestive heart failure, acute myocardial infarction, or pneumonia using Medicare readmission measure definitions (34 -36) . We used the ZIPϩ4 code listed for the patient's residence within Medicare data to link to the census block group with the same ZIPϩ4 area in 2000 U.S. census data for the 50 U.S. states and the District of Columbia. Each census block group covers an area of 600 to 3000 persons, averaging 1500 persons per group (37) . We excluded 52 083 patients without a ZIPϩ4 code in their Medicare data (n ϭ 9741) or whose documented ZIPϩ4 code did not exist in the 2000 census data (n ϭ 42 342). Patients in this latter category may include those who designate a post office box as their primary residence or those who reside in new ZIPϩ4 areas, U.S. territories, or institutions (such as prisons). Hand-checking of a small random sampling of these patients' ZIPϩ4 codes suggests that most were assigned to a post office box. The final sample size was 255 744 patients. These patients originated from 4802 unique hospitals (mean patients per hospital, 53.3; range, 1 to 743 patients). The University of Wisconsin Institutional Review Board approved this study.
Variables Census Block Group-Level Variables
We calculated ADI scores for each U.S. census block group using the Singh method (14, 16 -18) . This involved summing Singh's 17 census indicators weighted by Singh's factor score coefficients for each indicator (25) ( Table 1) . The Appendix (available at www.annals.org) contains more detail on constructing the ADI. We examined the distribution of ADI values and sorted neighborhoods into percentiles by increasing ADI.
Patient-Level Variables
We constructed all-cause rehospitalization within 30 days of discharge from Medicare claims (34 -36) . Other variables drawn from Medicare files included patient age, sex, race, Medicaid status, initial Medicare enrollment due to disability, index hospitalization length of stay, and discharge to a skilled-nursing facility. Race was categorized as white, black, or other based on the beneficiary race code. Each patient's Centers for Medicare & Medicaid Services hierarchical condition category score, calculated from all outpatient and inpatient claims over the 12 months before the index hospitalization, was included as a risk adjustment
Context
The relationship between factors indicative of personal socioeconomic disadvantage, such as where patients live, and readmission risk is unclear.
Contribution
The authors linked the ZIPϩ4 codes for Medicare patients' residences to census block groups in the 2000 U.S. census. For each census block group (or "neighborhood"), they calculated an area deprivation index score. Multivariable models assessed the relationship between area deprivation index score rankings and rehospitalization, controlling for patient and hospital characteristics.
Caution
The study did not assess the quality of care provided by the hospitals.
Implication
Medicare patients from disadvantaged neighborhoods have an increased risk for rehospitalization.
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Original Research Neighborhood Socioeconomic Disadvantage and 30-Day Rehospitalization measure (38) . Comorbid conditions were identified using Elixhauser methods, incorporating data from the index hospitalization and from all hospitalizations and physician claims during the year before the index hospitalization (39) . Of the comorbid conditions identified using this approach, 17 had frequencies of greater than 5% in the sample and were included as indicators. Comorbid conditions occurring less often were compiled into an "other comorbid condition" indicator and included alcohol or drug abuse, rheumatoid arthritis, collagen vascular disease, chronic blood loss anemia, liver disease, lymphoma, metastatic cancer, solid tumor without metastases, paralysis, psychoses, and peptic ulcer disease. We assessed the rurality of each patient's ZIP code of residence using the U.S. Department of Agriculture's rural-urban commuting area codes, grouped into categories of "urban core areas," "suburban areas," "large town areas," and "small town or isolated rural areas" (40, 41) . Index hospital characteristics, including Medicare geographic region, for-profit status, and medical school affiliation, were drawn from the Medicare provider of service file corresponding to the patient's index hospitalization date (42) . We estimated the annual Medicare discharge volume for each hospital by multiplying the number of claims from each hospital in the 5% national sample by 20. We then grouped hospitals into low-, middle-, and high-volume tertiles. Approximately 0.1% of our sample was missing data on race (n ϭ 291), and less than 0.3% were missing data on hospital medical school affiliation (n ϭ 777) and for-profit status (n ϭ 777). There were no missing data for other patient-level variables.
Statistical Analysis
We examined the unadjusted relationship between ADI percentile and 30-day rehospitalization, overall and by primary disease. On the basis of the empirical ADI data, the most disadvantaged neighborhoods made up the top 15% of the distribution. To better assess within-group differences, we divided this most disadvantaged 15% into 3 equally sized 5% groupings representing the third-most, second-most, and most disadvantaged 5% of neighborhoods. The remaining neighborhoods (85%) were grouped into a comparator category. We examined frequencies of patient and index hospital characteristics for each grouping.
We used logistic regression to assess the relationship between ADI grouping and 30-day rehospitalization. Next, to assess the full spectrum of ADI effect, we divided the distribution into 20 equally sized neighborhood groupings of increasing ADI (5% each) and used logistic regression to assess the relationship between ADI grouping and rehospitalization. To investigate the within-hospital ADI effects (43), we used conditional (44) and random-effects logistic regression (45, 46) . To assess differences in disease grouping and rural-urban effects, the relationship was evaluated using logistic regression models stratified by disease grouping and rural-urban commuting area code. Patient numbers in stratified analyses were smaller, so we analyzed the most disadvantaged 15% of neighborhoods as a single group.
Control variables were drawn from theoretical models of rehospitalization (47) and included patient hierarchical condition category score tertile, comorbid conditions, length of stay, discharge to skilled-nursing facility, age, sex, race, Medicaid status, disability status, rural-urban commuting area code of primary residence, index hospital medical school affiliation, for-profit status, and discharge volume tertile. We calculated adjusted risk ratios, predicted probabilities, and 95% CIs from these models on the basis of marginal standardization, as per methods by Kleinman and Norton (48) and by Localio and colleagues (49). All models were estimated twice: once accounting for hospitaland patient-level clustering and again using robust estimates of the variance. Because no differences were noted, we present the more conservative robust estimates. All analyses were done using SAS, version 9.3 (SAS Institute), and STATA, version 12 (StataCorp).
Role of the Funding Source
This project was supported by the National Institute on Aging and the University of Wisconsin School of Medicine and Public Health's Institute for Clinical and Trans- ADI ϭ area deprivation index. * Components and factor score coefficients drawn from reference 28. All coefficients are multiplied by Ϫ1 to ease interpretation (greater ADI means a greater disadvantage). † Income disparity defined by Singh as the log of 100 ϫ ratio of the number of households with Ͻ$10 000 annual income to the number of households with Ն$50 000 annual income.
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RESULTS
Neighborhood and Patient Characteristics by ADI Grouping
Patients in the most disadvantaged 15% of neighborhoods were more apt to be black; be on Medicaid; and have greater rates of comorbid conditions, especially congestive heart failure, chronic pulmonary disease, and hypertension, than patients from the other 85% of neighborhoods ( Table 2) . They were also more likely to have been hospitalized in a for-profit hospital. Most patients in the most disadvantaged 5% of neighborhoods lived in urban core areas. Those in the second-and third-most disadvantaged 5% groups were most likely to live in rural areas or large towns.
30-Day Rehospitalization and Patient Neighborhood ADI
When compared with the other 85% of neighborhoods, residence within the most disadvantaged 15% of neighborhoods was associated with an increased risk for 30-day rehospitalization. The 30-day rehospitalization rate did not vary significantly across the least disadvantaged 85% of neighborhoods with an average rate of 21%. However, within the most disadvantaged 15% of neighborhoods, rehospitalization rates increased from 22% to 27% with worsening ADI (Figure 1) . This pattern was maintained in all 3 primary diagnoses.
After adjustment, residence within the most disadvantaged 15% of neighborhoods continued to be associated with increased rehospitalization risk, with the most disadvantaged 5% having the greatest risk ( Table 3 and Appendix Tables 1 and 2 , available at www.annals.org). The adjusted rehospitalization risk ratios associated with residence within the most disadvantaged 15% of neighborhoods were similar to those of chronic pulmonary disease and peripheral vascular disease and greater than those associated with having diabetes or being on Medicaid (Appendix Table 1 ). This association was noted across all primary diagnoses (Appendix Table 3 , available at www.annals .org). Sensitivity analyses, including conditional logistic regression models with control for hospital, also suggest that when comparing 2 patients who are otherwise the same but differ by reason of neighborhood deprivation index and arrive at the same hospital, the association of deprivation and readmission remains (Appendix Table 4 , available at www.annals.org).
Geographic Distribution
The prevalence of the most disadvantaged neighborhoods varied by Medicare geographic region ( Table 4) . Certain regions, such as the Dallas, Atlanta, Chicago, and Philadelphia regions, had a greater proportion of Medicare patients with the penalty-eligible conditions of congestive heart failure, pneumonia, or acute myocardial infarction residing in the most disadvantaged U.S. neighborhoods than other regions. Some regions, such as the Seattle region, had less than 5% of all eligible patients living in such neighborhoods. Figure 2 shows the locations of the most disadvantaged U.S. patient neighborhoods (that is, census block groups) in this study. ADI ϭ area deprivation index. * Values are percentages unless otherwise specified. Percentages may not sum to 100 due to rounding.
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The distribution of the most disadvantaged neighborhoods also varied by rural-urban status. Nearly one third of eligible patients residing in rural areas lived in neighborhoods that were among the most disadvantaged (Appendix Table 5 , available at www.annals.org). However, residence in the 15% most disadvantaged neighborhoods was a rehospitalization risk regardless of rural-urban area type.
DISCUSSION
Living in a severely disadvantaged neighborhood predicts rehospitalization as powerfully as the presence of illnesses, such as peripheral vascular disease or chronic pulmonary disease, and more powerfully than being on Medicaid or having diabetes. This effect holds after accounting for other patient-and hospital-level factors known to influence risk for rehospitalization, including race. Overall, patients from disadvantaged neighborhoods are at greater risk for rehospitalization regardless of their treating hospital.
Our findings suggest that neighborhood disadvantage is associated with a threshold effect, with strong and increasing risk for rehospitalization for residents of the most disadvantaged 15%. This threshold effect conforms with fundamental theories of social disadvantage (50) that indicate that there is generally some point beyond which persons can no longer compensate and additional disadvantage leads to increasingly adverse outcomes (51) . A wealth of social science research demonstrates that "areas of concentrated poverty" (52, 53) place additional burdens on poor families that live within them, beyond the effect of the families' individual circumstances (54) . It is clear that social support and a patient's environment can influence clinical outcomes, including rehospitalizations.
Although most clinicians would agree with our findings, in practice, issues of socioeconomic disadvantage are often overlooked (8) for 3 reasons: clinicians do not agree on how to measure disadvantage, they lack time and hesitate to ask for highly personal data, and they do not always know what to do about disadvantage when they find it. These barriers have diminished recently. The ADI, which is widely studied and predicts rehospitalization, provides a useful measure that is usable right now, although better measures may be developed in the future. Because the ADI relies entirely on publicly available census data and will be On the basis of patient address alone, clinicians and health systems could, at the point of first contact, use the ADI to screen for patients returning to the most challenging environments. This would support the early targeting of more intensive transitional care services, prompt discussion of socioeconomic environment and need, and activate additional community resources for these patients. Transitional care interventions decrease rehospitalizations by using a series of interactions designed to empower patients, monitor for early signs of disease worsening, and ensure medical plans and follow-up are in place. The targeting of transitional care programs can sometimes be challenging, especially in low-resource health settings. We offer the ADI as a potential way to refine such targeting. Placing a look-up table in a hospital's admission-processing system to supply this high-risk screener to the clinical team should be a very modest technical challenge.
Some European countries use composite measures of neighborhood socioeconomic disadvantage similar to the ADI to monitor population health and to allocate services and funding to ensure increased support in high-risk regions (25, 26) . It could be used similarly in the United States to refine characterizations of hospital service regions. Health systems and other health-related institutions could also use the ADI to identify neighborhoods that would most benefit from additional outreach and services. Policymakers could test innovative strategies for improving living conditions for older adults in severely disadvantaged areas (55) . Area deprivation index scores could be used to direct funding toward community-based initiatives designed to lower unwanted rehospitalizations (56, 57) .
Medicare hospital readmissions penalties fall more heavily on hospitals serving disadvantaged neighborhoods than on other hospitals (13) (14) (15) (16) . Adjustment for the socioeconomic status of persons served (34 -36) may level the playing field, but so far, the debate has centered on the role of personal socioeconomic disadvantage in readmission risk, which remains unclear (4), and evidence that personal indicators of disadvantage are not ideally reliable or valid for elderly populations (58). The use of the ADI to identify patients from the most severely disadvantaged neighborhoods could be explored as an adjuster for the current Medicare readmissions measures, one that may avoid the ADI ϭ area deprivation index. * All models used multivariate logistic regression methods to assess the relationship between ADI grouping and 30-d rehospitalization to produce risk ratios (using the methods of Kleinman and Norton [48] ) and predicted probabilities. † All models adjusted for hierarchical condition category score; indicator variables denoting the presence of comorbid conditions, including hypertension, fluid and electrolyte disorders, congestive heart failure, chronic pulmonary disease, deficiency anemia, uncomplicated diabetes, complicated diabetes, valvular disease, hypothyroidism, peripheral vascular disease, coagulopathy, depression, other neurologic disorders, obesity, pulmonary circulation disease, renal failure, weight loss, and other comorbid conditions; length of stay of the index hospitalization; an indicator variable for whether a patient was discharged to a skilled-nursing facility; patient demographic characteristics (including age, sex, and race [white, black, or other]), Medicaid status, disability status, and rural-urban commuting area for patient residence; and index hospital characteristics (including medical school affiliation, for-profit status, and total discharge volume tertile). Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit status were missing for 777 patients each. limitations of personal socioeconomic indicators and better screen for readmission risk. Many factors should be considered when interpreting these findings. To be included in our analyses, a patient had to have a ZIP code of residence included within 2000 census data. Therefore, the results of this analysis may not apply to patients without ZIP codes, such as the homeless, and those with ZIP codes that were absent in 2000 census data. Although many of these latter patients list a post office box with Medicare, hospitals would have ample opportunity to gather residential ZIPϩ4 codes directly. Census data collected in 2000 may not fully reflect neighborhood characteristics in the between-census years of 2004 to 2009 used in this study. Patient-level analyses of any geographic-based measure, including the ADI, can introduce an ecological fallacy in which a region's aggregate traits are inappropriately attributed to a particular person. However, our suggested use of the ADI as a clinical screener, which could trigger clinical teams to more fully assess for needs after discharge, should avoid this problem. The administrative data on which we relied do not contain direct markers of care quality or access that may affect rehospitalization risk. It is possible that hospitals that serve predominantly disadvantaged neighborhoods provide different quality of care than hospitals that serve predominantly nondisadvantaged neighborhoods, and this had an influence on our findings (43) . The available data do not allow for a definitive conclusion in this regard, but there is no clear evidence that safety-net hospitals, in general, differ from non-safety-net hospitals in their quality of care (59) . Our analytic models provide evidence that the patients' neighborhood remains a strong predictor of rehospitalization regardless of other hospital-level factors. More robust data should be used to study these across-hospital effects in the future.
The effects associated with neighborhood disadvantage may result from person-level socioeconomic disadvantage for which community data are a proxy (10 -12) . In studies of child health and mental health outcomes, neighborhood disadvantage has been demonstrated to be an additional risk factor beyond personal disadvantage, with worse health and social outcomes for persons who live in both poor families and poor neighborhoods than for persons living in poor families in less poor neighborhoods (23, 60) . Our main aim was to produce a meaningful estimate of disadvantage that could be easily used by clinicians and discharge planners. The relative importance of individual and community disadvantage cannot be determined from our data. The clarification of these associations deserves further study.
We chose the ADI for this analysis because it is a well-established, U.S. census-based measure that provides a composite view of socioeconomic disadvantage for all areas of the United States and that can be used to reliably "drill Original Research Neighborhood Socioeconomic Disadvantage and 30-Day Rehospitalization down" to a relatively small geographic region (25) . Others have explored using single income-related component measures as socioeconomic markers (5, 61, 62) , but single construct approaches probably miss issues critical to planning for care after hospital discharge, such as education and living conditions. This may be why income alone shows mixed results as a rehospitalization predictor in studies to date (61, 62).
In conclusion, residence within a disadvantaged U.S. neighborhood is a rehospitalization predictor of magnitude similar to important chronic diseases. Measures of neighborhood disadvantage, such as the ADI, are easily created using data already routinely collected by the U.S. government and freely available to the public and may be useful in targeting patient-and community-based initiatives designed to lower unwanted rehospitalization.
APPENDIX: CALCULATING THE SINGH ADI
In their analysis and monitoring of health, Great Britain, Sweden, Australia, New Zealand, and many other nations use area-based composite deprivation indices; scores created by compiling measures of socioeconomic resources within a particular geographic area (25, 26) . In 2003, Singh created a similar ADI for the United States (25, (27) (28) (29) .
The ADI is a validated, factor-based deprivation index that uses 17 poverty, education, housing, and employment indicators drawn from U.S. census data to create a measure of socioeconomic context for a particular census-based region (25, (27) (28) (29) . The ADI has previously been used to document many socioeconomic-health associations, including the direct relationship between area deprivation and all-cause, cardiovascular, cancer, and childhood mortality rates, and between area deprivation and cervical cancer prevalence (25, (27) (28) (29) (30) (31) (32) .
We calculated ADI scores for each block group or neighborhood using methods proposed by Singh (25, (27) (28) (29) as a way to assess the socioeconomic context of a patient's neighborhood.
This appendix provides a more detailed account of how we calculated the ADI using the Singh methods.
The Singh ADI uses 17 U.S. census variables in its construction. We calculated these for each geographic unit (in this case, a census block group) using publically available 2000 U.S. census data. The U.S. census variables are as follows:
Percentage of population aged 25 years or older with less than 9 years of education Percentage of population aged 25 years or older with less than a high school diploma
Percentage of employed persons aged 16 years or older in white collar occupations Median family income Income disparity (defined by Singh as the log of 100 ϫ the ratio of the number of households with less than $10 000 in income to the number of households with $50 000 or more in income) (25) Median When using the Singh methods, these 17 indicators are weighted using factor score coefficients ( Table 1) . When using these Singh factor score coefficients, poverty, income, and education have the largest relative weights among all of the 17 variables. These 17 U.S. census variables are multiplied by their factor weights and then summed for each geographic unit. The result is then transformed into a standardized index (the ADI) by arbitrarily setting the index mean at 100 and SD at 20 (25) . When using this approach, neighborhoods with greater ADI scores have greater levels of deprivation (25) .
The ADI has typically been used to break geographic units into quintiles, deciles, or other relatively ranked groupings by ADI score. To our knowledge, it has not been used as a predictor in its continuous, indexed form. For this study, we initially examined the distribution of ADI values and sorted neighborhoods into percentiles by increasing ADI. 
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